Heat-related problems have become a global issue resulted from climate change. Prolonged exposure to extreme high temperatures increased the percentage of mortality and morbidity in cities worldwide. Urbanization and population contribute to urban heat islands effect (UHIE). The purpose of this paper is to prioritize urban areas at high risk for heat related incidents in mega cities and to propose the implementation of urban green coverage (UGC) strategies which contribute to mitigating UHIE. The methodology includes a review on the UHI problems, along with the cooling benefits the UGC can produce. Then, the study's application is mainly focused on Cairo Governorate, Egypt as an example of a developing country. Cairo Governorate, Egypt lacks well maintained vegetation in almost all districts as results indicated that it has a mean normalized difference vegetation index (NDVI) ranging from 0.08 to 0.25. The study adopts the Australian model developed by Norton et al. [Landsc. Urban Plan. 134, 127 (2015)], which includes the intersection of three factors (heat exposure, vulnerability, and behavioural exposure) to identify a high priority area. It was difficult to assess the behaviour of population in outdoor public spaces in a city like Cairo; hence, the study follows "Crichton's Risk Triangle" conducted by Morabito et al. [PLoS One 10, e0127277 (2015)], to identify high risk areas based on the intersection of three layers: (a) high day-time/night-time surface temperatures À hazard; (b) total exposed population in a city À exposure; and (c) sub-populations at risk of being harmed during extreme heat À vulnerability. In the simulation, the risk assessment method simplifies the process of constructing the GIS database as it is composed of layering system. The development of a Heat-related Vulnerability Index (HVI) map for Cairo districts was conducted by over layering the natural hazard layer (land surface temperature) with spatial demographic data using GIS Software. Results of risk maps of Cairo were presented and showed normalized HVI values ranging between 0.0 and 1.0, which can be categorized into five risk levels (very low to very high). Results also indicated that 13 out of the 46 districts in Cairo are at very high/high risk, while only 5 districts have a very low risk. Finally, a tool was established to map the population vulnerability to extreme heat events by identifying high priority risk areas that requires urgent intervention by applying more UGC to mitigate UHIE and climate action and adaptation. *
Introduction
Heat-related problems have become a global concern due to severe events caused by climate change. Adaptation to climate change has proven significant mean to mitigate such risks, especially in urban areas. The presence of vegetation is significant in urban spaces as it plays a role in enhancing the environmental conditions by shading heat absorbing surfaces, providing evaporative cooling and altering wind patterns [1, 2] . Due to the fast urban development, natural surfaces and vegetation are replaced in some cities by materials with characteristics such as: high thermal conductivity, high heat absorption, and heat storage capacity as well as low albedo values (reflectivity) that result in absorbing solar radiation during the day and releasing it at night as sensible heat. Thus, urban areas in cities become warmer than the surrounding countryside; a phenomenon known as Urban Heat Island Effect (UHIE) [3] . The scientific term of "UHIE" became well known in 1820 by Luke Howard when compared two rows of air temperature data measured inside and outside the city, and reported in 1800 that in London, night temperature is warmer in the city than in country [4, 5] .
Objectives
The goal of this study is to prioritise districts in urban areas in developing countries for implementing urban green coverage (UGC) as a method for mitigating high temperatures' impact and contribute to reducing UHIE in these urban areas. It also provides landscape architects and urban designers with the findings to strategically fit UGC that ameliorate the negative effects of UHI in the context of global climate change in cities. The main research assumption is what are the most areas that urgently require UGC implementation in Cairo? This study will also provide answers to the sub-assumption shown in Figure 1 .
3 Cities' challenges and urban heat island problems 3.1 Urban heat island effect and urban green coverage in Egypt UHIE refers to a climatic phenomenon expressed when urban areas have higher air temperature than their rural surroundings due to the anthropogenic modifications of land surfaces [6, 7] . However, due to the urban growth, no distinct borderlines exists between urban and rural areas, thus UHIE can be described in terms of the difference in temperature between the central parts of the city and its surrounding areas [7] .
In mega cities such as Cairo, Egypt, the magnitude of UHIE ranged from 3.11°C to 5.7°C [8] . In summer 2012, land surface temperature (LST) varied from 27°C to 61°C [7] . The UHI intensity index in Cairo has five dominant levels, with least intensity in vegetated areas/water bodies, while highest in scattered bare land areas and industrial zones [9] . Thus, the above observations make it a necessity to develop means to determine the hot spots in Cairo Governorate, to prioritize and propose strategies for high temperatures mitigation. In addition, the study proposes UGC as a method to reduce UHIE [8] . In Egypt, urban areas have expanded on the account of green areas [10] . According to international standards, areas of green spaces should range from 20 m 2 to 40 m 2 per person in developed countries, while it should be 12 m 2 -18 m 2 per person in developing countries [11, 12] . Nonetheless, most optimistic studies state that the green space per person in Cairo does not exceed 2.0 m 2 . Such area is considered very low when compared to international norms, where more than half of Cairo's population have only 0.5 m 2 per person. Moreover, about million person in Cairo have green per capita ratio less than 0.1 m 2 per person since green areas are not distributed in spatial justice in Cairo city [12] .
Cooling effect of urban green coverage (UGC)
UGC refers to the use of strategies such as: green open spaces, trees, green roofs, and vertical walls. The presence of green coverage in a city can be assessed by the normalized difference vegetation index (NDVI), which is a graphical indicator used to analyse satellite images to determine whether if the selected location has well maintained green vegetation or not [8] . It is important to choose the UGC that fits the place it will be implemented in. The ultimate goals of this step are illustrated in Figure 2 . In cities around the globe, UGC in urban areas can take many forms apart from conventional green urban spaces, such as vertical farming, green walls, and green walls as illustrated in Figure 3 . It is crucial to understand how to locate different elements of the UGC in places that would maximize their surfaces' cooling benefits. Table 1 highlights the strategic use of different UGC.
Methodology
In this study, the methodology adopted is based on a theoretical and a practical approach to investigate the prioritisation of districts on city scale level according to the Australian model developed by Norton et al. [13] . This suggests that the impact of UHIE is centred on a combination of many factors including heat exposure, vulnerability to extreme heat, and the behavioural exposure occurring (Fig. 4a ). Thus, a high priority area can be identified by the intersection of three factors as mentioned below: It is vital to highlight that areas where heat exposure and vulnerability intersect (area B) are also considered a priority, as it is strenuously demanding to predict the amount of behavioural exposure in public open spaces [13] . In Cairo city, it was difficult to assess the behaviour of population in outdoor public spaces; therefore, the study follows "Crichton's Risk Triangle", as conducted by Morabito et al. [14] , to identify high risk areas based on the intersection of three layers (Fig. 4b ). The three components of this triangle are: (1) high day-time/nighttime surface temperatures (hazard); (2) total exposed population in a city (exposure); and (3) sub-populations at risk of being harmed during extreme heat (vulnerability). It is necessary to develop methods to assess the influencing parameters. Firstly, concerning the heat exposure, LST for an area provided from satellite or airborne remotely sensed thermal data can be used as an indication for air temperature [13] . Although there is a difference between LST and air temperatures, mitigating areas with high LST will reflect locations, which also have high air temperature [15] . Secondly, pertaining to the vulnerability, the demographic information of a place is needed, as neighbourhoods are categorized depending on social factors [13] .
Scope À study area, data, and period
This study was carried out during summer season (June 2017) and focused on Cairo Governorate that consists of 46 districts. In the simulation, ArcMap version 10.2 was used to handle remote sensing visualization, manipulation and analysis of satellite images, and geographic data records. Also, Microsoft Excel was used in data processing and analyses. Description of the data is shown in Table 2 .
Correlating NDVI and mean day-time LST in Cairo Governorate, Egypt
In order to assess the exiting green coverage and heat related problem in Caro Governorate, Egypt, this part conducts a correlation between the NDVI and LST in Cairo. The main findings of this part will be presented and its results can be interpreted from Figure 5 . First, the NDVI values in Cairo districts ranges from 0.08 to 0.25, which indicates the lack of vegetation in all districts; as healthy vegetation's NDVI should be greater than 0.3. Second, some districts have very low NDVI, such as Tura and Badr districts, therefore, proposing UGC implementation in these districts will be a strategic technique for mitigating UHIE. Furthermore, the relationship between the mean daytime LST and NDVI is investigated through correlation analysis and regression analysis. The coefficient of determination (R 2 ) is a statistical method used to evaluate how well the regression line fits the actual data points. The analysis revealed that there is a significant inverse correlation between mean day-time LST and NDVI (R 2 = 0.5307). Also, the value of R is 0.73 which indicates a strong positive relationship; as R values ranges from À1 to 1. Finally, the correlation between the mean daytime LST and NDVI values reveals that well-maintained greenery (higher values of NDVI) exhibit lower LST value. 
Prioritising districts on city scale level for UGC implementation
Geospatial technologies, a new opportunity for an integrative system that can assist in hazards' mitigation, are used for mapping and prioritizing areas that have severe heat related impacts. It is important to note that the GIS system should have its inputs' data including urban characteristics, social vulnerabilities, and metrological information in order to derive trends and conclusions [14] . Recent research works attempt to develop Heat Vulnerability Index [16] . In these researches, the methodology adopted for assessing the risk is "Crichton's Risk Triangle" which was applied in many previous studies [14, 17] . This risk definition is specifically adopted in this research work in order to simplify the process of building the GIS database, as it is mainly composed of layering system as the final risk layer is generated from the intersection of three determinants as shown in Figure 6 [17] .
The hazard can be accounted by the increase in LST, which its exposure on the population can be determined according to the targeted vulnerable groups. A study conducted by Morabito et al. [14] , took only the elderly as its vulnerability constrain, whereas that conducted by Norton et al. [13] , took into account several vulnerability factors such as: the elderly and very young population and other affecting socioeconomic factors. Since it is possible to map different vulnerable items using Crichton's Risk Triangle [17] , thus this research will take into consideration all the vulnerable factors as conducted by Norton et al. [13] . Thus, the aim of this section is to develop Heat-related Vulnerability Index (HVI) maps to determine the areas that need UGC intervention. The workflow of the developed geospatial database is shown in Figure 6 .
Hazard layer: day-time and night-time summer LST layers
The day-time and night-time LST used in the study are based on NASA Satellite imagery, and to cover the study area, two raster images for LST were downloaded. These images were processed using GIS software "ArcMap 10.2". Finally, the LST values were extracted and scaled using equation (1), so that LST be displayed in Celsius.
MODIS_LST2017_Day À Time_Celsius ¼ ½Value Ã 0:02 À 273:15 ð1Þ
Then both day-time and night-time LST were normalized using equation (2) , to have a standardized scale, which ranges between zero (low) and one (high) as shown in Figure 7 .
where b corresponds to the normalized score, x is the original value, while x max and x min are the maximum and minimum values across the complete data set. 
Exposure layer

Vulnerability layers
The vulnerability layer is made up of vulnerable types extracted from the exposure layer which includes: Number of People aged >65, Number of People aged <5, and Deprivation Index. All layers were normalized using equation (2) and graphically displayed as illustrated in Figure 8 .
Final risk layer
To obtain the final risk layer (Fig. 10) , the process followed by Tomlinson et al. [17] is implemented ( Fig. 9) , which involves the creation of an intermediate layer termed "Combined Exposed and Vulnerable", thus the three vulnerability layers were combined into a single layer (each weight of 33.3%), then spatially combined with the hazard layer (each weight of 50%) using equation (3).
Results and discussions
Results show that the NDVI values in Cairo districts ranges from 0.08 to 0.25 which indicate the lack of vegetation in almost all districts; as healthy vegetation's NDVI should be greater than 0.3. Furthermore, the correlation between the mean day-time LST and NDVI values reveals that well-maintained greenery (higher values of NDVI) exhibits lower LST value. In addition, the methodology adopted in this study yields a map depicting the HVI for the 46 districts in Cairo Governorate, Egypt. This HVI is divided into five categories: very high, high, moderate, low, and very low (Fig. 10 ). This Fig. 6 . Simplified workflow of the developed Geospatial Database to Map HVI. Source: Adopted and developed from [17] .
enables specialists to determine areas that crucially require UGC intervention. The highest risk is observed in five districts, namely: Al-Basatin (HDVI = 1), Tura (0.97), Al-Mokattam (0.83), Helwan (0.8), and Madinat Nas . r-1 (0.78) as depicted in Figure 11 .
Results show that the second category, high risk is present in 8 districts: Badr (0.69), El-Tebin (0.67), Al-Qahera El-Gedida 2 (0.66), Al-Qahera El-Gedida 1 (0.61), Al-Qahera El-Gedida 3 (0.58), An-Nuzhah (0.58), El-Sherouk (0.57), and Al-Matariyyah (0.56) as shown in Figure 11 . Thus, as a first and urgent step, it is important to target areas at the 13 districts with very high risk and high risk, by proposing strategic UGC plans to assist in mitigating high temperatures, UHIE, and play a major role in enhancing the microclimate as well as adaptation to climate change risks. It is also vital to adopt and utilise the following guidelines when planning and implementing UGC in Cairo Governerate, and developing countries with similar conditions.
Guidelines for UGC implementation in developing countries À Egypt
This strategy is in line with the 2050 vision, which proposes an increase of the green area per capita in Greater Cairo Region (GCR) to reach 15.00 m 2 [19] . It also attains to Egypt's vision 2030 and Sustainable Development Strategy, SDS 2030, mainly the energy and health environment sectors. The following are opportunities for incorporating new greenery: (a) Implementing planned green areas that are not planted such as: areas localized for green belts, utilizing riverbanks as urban green corridor, and hillsides and plateaus greening; (b) Utilizing areas that their land use has changed (such as:
premises and sites of no longer use) or areas that its land use can change (such as: the gradual replacement of industrial areas, scattered areas with greenery, informal settlements, and deteriorated residential areas); and (c) Doubling the use of spaces such as planting trees in car parking areas, cemeteries' areas, railway roads, streets, or airports landscape, etc. or vertical greening [20] .
In addition, guidelines regarding sustainable vegetation planting include: planting regional native plants, adopting non-pollutant methods, and other techniques as shown in Figure 12 . 
Conclusions
UHIE and UGC have been investigated using simulation programmes. Mapping the relationship between LST and the peoples' vulnerability is a method that can assist local governments to locate the hot spots that urgently require quick heat prevention and intervention. This study also achieved its goal by reviewing relevant literature on the UHIE and the cooling potential that can be provided by UGC in cities that are characterised with hot and dry summers. In addition, it proposed a framework for prioritising urban areas for UGC implementation. A tool to map the population vulnerability to extreme heat events in Cairo Governorate resulting from UHIE has been developed; it identifies high priority risk areas that should essentially receive intervention by applying more UGC as a significant action to mitigate UHIE in cities, reduce GHG emission, and assist in adapting to climate change risks. Moreover, guidelines for UGC application to mitigate UHIE in Cairo Governorate have been derived and established. It is important to note that implementing UGC will have a significant environmental impact, knowing that it does not only mitigate high temperatures, but it also reduces air pollution.
As indicated in the latest Health Organisation (WHO) report [21] , air pollution is a major global concern, as it impacts human health severely and leads to about 7 million deaths annually worldwide, of which about 500 000 in the MENA region, due to exposure from both outdoor and indoor pollutions. Therefore, implementing UGC extensively in cities, particularly in Cairo Governorate, a mega city, could lessen air pollution and other impacts and assist in reducing mortality rates from air pollution exposure. It is recommended that future research work on the development of UGC in developing countries such as Egypt should be on the street level.
